Introduction
The American Cichlid Cichlasoma urophthalmus has been the subject of considerable research to determine its potential for aquaculture (Martínez-Palacios and Ross, 1994) . Studies have been carried out to determine its environmental, reproductive and nutritional requirements (Martínez and Ross, 1986; Martínez and Ross, 1988, Chávez de Martínez, 1990; Chávez de Martínez et al., 1990; Martínez et al., 1996) . The correct feeding of fish should take into account the mineral requirements.
Phosphorus is a major mineral that must be supplied in the feed. However, much of the phosphorus in commercial fish diets may be released into the environment (Wiesmann et al., 1988) and this is influenced both by the availability of dietary phosphorus and the high levels of phosphorus encountered in feeds because of the high levels found in animal proteins such as fish meal. The effects of phosphorus wastes from intensive cage and pen culture have been reviewed by Beveridge (1984 Beveridge ( , 1987 and recent studies of intensive pond systems have also demonstrated the importance of dietary phosphorus in determining algal density and water quality. Consequently, it is necessary to reduce phosphorus load in effluents and one way is to reduce the levels in fish and shrimp diets.
Under practical farming conditions, mineral deficiency signs often arise from a dietary imbalance of calcium due to the antagonistic effect of excess dietary calcium on the absorption of phosphorus (Nakamura, 1982) . When there is an excess of calcium in comparison with the phosphorus, the phosphorus is not absorbed by the intestine because it is combined with the calcium to form calcium phosphates that are not biologically available (Andrews et al, 1973; Cowey and Sargent, 1979 (Sakamoto and Yone, 1973; Arai et al., 1974; Ketola, 1975; Ogino and Takeda, 1976; Lovel, 1978; Watanabe et al., 1980; Wilson et al., 1982; NRC, 1983; Viola et. al., 1986; Robinson et. al., 1987; Shim and Ho, 1989; Rodehutscord, 1996; Dougall et al., 1996) . Reported phosphorus requirements vary from about 0.25 to 1.00 g kg -1
of the diet although this rather wide range may be growth-related.
A calcium requirement has been determined for 6 species of fish; Onchorhynchus mykiss, Anguilla japonica, Ictalurus punctatus, Cyprinus carpio, Oreochromis aureus and Crysophrys major (Andrews et al., 1973; Sakamoto and Yone, 1973; Arai et al., 1975a; Ogino and Takeda, 1976; Sakamoto and Yone, 1976; Robinson et al., 1984 Robinson et al., , 1985 Robinson et al., , 1987 . Reported calcium requirements vary from about 0.24 to 1.5 g kg -1 of the diet .
The objective of this study was to determine the phosphorus requirement of Cichlasoma urophthalmus juveniles in the diet and to establish whether there is an optimum Ca:P ratio for growth and skeletal development.
Materials and Methods

Experimental fish.
Juvenile C. urophthalmus (weight range 403 to 420 mg) were reared in the laboratory from selected broodstock.
Experimental system
24 experimental tanks of 20 L capacity, were arranged in a recirculated freshwater system with 3 sedimentation tanks and a biological filter. Flow rate to each tank was 1.5 L min -1 and temperature was set at 28°C with a photoperiod of 12 hours light/12 hours dark. Oxygen, pH and temperature were measured daily. Ammonia, nitrites and nitrates were measured every 3 weeks.
Chemical analysis
In water samples, phosphorus was determined by the colorimetric method with stannous chloride, following previous digestion with ammonium persulphate (APHA, 1976) Calcium analysis of the casein was determined by atomic absorption (AOAC, 1984) . Phosphorus analysis of the casein was determined by the colorimetric method of Fiske and Subbarow (1925) .
After pelleting, a sample of each diet was taken for proximate analysis and phosphorus and calcium determination (AOAC, 1984) . Samples of 5 fish were taken at the beginning and at the end of the trial all remaining fish were used for proximate analysis and calcium and phosphorus determination. All analyses were conducted in triplicate.
Experimental diets
A basal diet was prepared containing vitamin-free casein, dextrin, starch, corn oil, fish oil and vitamin and mineral mixture (Table 1a) . Using data on calcium and phosphorus content of this diet, 12 different diets were formulated using monobasic potassium phosphate and calcium carbonate as sources of phosphorus and calcium (Table 1b) . These were prepared by replacing starch with different amounts of calcium carbonate and monobasic potassium phosphate. The diets were approximately isoproteic and isoenergetic.
Experimental protocol
15 fish with an initial weight of 0.4g (± 0.023 S.E.) were stocked in each experimental tank and were fed for one week with the basal diet to allow acclimation to the system and the basal formulation. The fish were then fed with the experimental diets for 63 days ad libitum, 3 times a day. Each treatment had two replicates. Each tank was routinely examined for mortalities and physical and behavioural changes. Food containers were weighed daily and every 15 days fish were counted and weighed.
Statistical analysis
Data were analysed using one-way ANOVA and Multiple Range Analysis (Duncan,1955 ) (P< 0.01).
Correlation and regression analyses were used to determine the relationships between phosphorus, calcium, ash, and fat content in the diets and in the carcasses. Calcium and phosphorus requirement was determined using broken line analysis according to the method of Zeitoun et al., 1976) and also by fitting trend lines to the data.
Results
Fish behaviour
Fish satisfactorily accepted the experimental food from the beginning of the experiment and maintained normal behaviour throughout the experimental period. During the first 4 weeks no mortality was observed. Survival was 93.9% at the end of the experiment and the few mortalities were probably due to the aggressive behaviour of the larger fish towards the end of the experiment.
Growth
There was steady growth over the experimental period ( Table 2 , Fig. 1 ), which separated into four groupings. The best final weight was achieved with diets 7 and 8, although these were not significantly different (P< 0.01) from the second group, which comprised diets 4, 10, 12, and 3. The third group, diets 11 and 2, were significantly different (P<0.01) from diets 7 and 8. The final group, diets 6, 9, 1 and 5, had the lowest growth and were significantly different (P< 0.01) from all of the other diets. These results are consistently reflected by individual weight gain, feed intake, specific growth rate and weight gain (%). The lowest food conversion ratio was obtained in diet 4, although this was not significantly different (P< 0.01) from diets 3, 6, 7, 8, 10, 11 and 12. The highest food conversion ratio was obtained in diets 1, 5 and 9. Carcass analysis Table 3 summarizes the changes in carcass composition over the experimental period. There is a strong positive correlation between calcium and phosphorus in the diet and ash content in the carcass of the fish (r = 0.885 for Ca/ash; r = 0.960 for P/ash, p<0.01) (Fig. 4) , demonstrating the role of these components in mineralization. Carcass phosphorus is highly correlated with both dietary calcium and phosphorus levels, while the effect on carcass calcium is weaker (Table 4) .
Carcass lipid is negatively correlated with dietary phosphorus (r = -0.782, p< 0.01) (Fig. 5 ).
Discussion
The deficiency signs observed in this experiment were reduced growth and high food conversion ratio in all diets containing 0.5 g kg -1 P in the diet. These signs have also been observed by Andrews et al. (1973) , Dove (1976) , Ketola (1975) , Ogino and Takeda (1976) and Watanabe et al. (1980) , in channel catfish, common carp and two species of salmon. The best final growth ( Figure   1 ) was obtained with diets 7 and 8 containing 1.5 and 2.5 g kg -1 phosphorus respectively. Fig. 2 and Fig. 3 indicate that phosphorus and calcium requirement were about 1.5 and 1.8 g kg -1
, respectively. Table 5a shows that phosphorus requirements obtained for various fish species ranges from 0.25 to 0.8 g kg -1 in the diet while the calcium requirement ranges from zero to 1.5 g kg -1 of the diet. Comparison with the requirements for other fish species (Table 5a ,b), indicates
that Cichlasoma urophthalmus has a higher requirement for both phosphorus and calcium when expressed either as % in the diet or as g kg -1 of growth, although the Ca:P ratio is within the range of other species.
Figure 4 and Table 4 shows that bone and scale mineralization are highly correlated with phosphorus level in the diet. Similarly, Andrews et al., (1973) determined that a phosphorus deficiency produced lower bone ash in channel catfish while Ketola (1975) found that supplement of organic phosphorus in the diet significantly increased bone ash content for Atlantic Salmon. Watanabe et al., (1980) observed that dietary phosphorus levels greatly affected the ash, calcium and phosphorus contents of the bones of Chum Salmon. Robinson et al., (1987) found that, based on calcium levels in bone ash, 0.50 g kg -1 phosphorus was adequate for normal bone mineralization. By contrast, Rodehutscord (1996) was unable to confirm any necessity for phosphorus for maximum mineralization of rainbow trout.
In experiments with brook trout using labelled calcium, Rodgers (1984) showed that ambient calcium concentration had a pronounced effect on calcium dynamics. Table 5a shows that environmental calcium levels and calcium requirement were higher for C. urophthalmus than for other species. One possible explanation for the high demand for phosphorus in this cichlid is that it lives in water with a high calcium content (more than 80 mg kg -1
). It is possible that these fish are so adapted to this environment that they are able to utilize high levels of calcium, and this could require a higher than normal level of dietary phosphorus. The increased growth obtained when dietary calcium was increased (Fig. 3 ) supports this view. This result was also observed for red sea bream (Crysophrys major), in which a high dietary phosphorus requirement of fingerlings was attributed to an extra calcium supply from the sea water in addition to calcium from the diet (Sakamoto and Yone, 1973) . Studies are needed to compare the growth of C. urophthalmus in different calcium concentrations at a range of pH´s, because of the wide range of habitats occupied by this species (from fresh water to marine water and from Mexico to Nicaragua; Martínez- Palacios and Ross, 1994) .
Schwarz (1995) considered that calcium requirements of fish are usually adequately supplied from the water and the calcium content in the food can thus be minimized. Ogino and Takeda, (1976) and Watanabe et al., (1980) found that the growth of carp and chum salmon, respectively, is affected only by the dietary phosphorus levels and not by the calcium levels. Ogino and Takeda (1976) also found that when diets were used containing very low amounts of calcium and an apparently adequate amount of phosphorus, carp absorbed calcium from environmental water in proportion to the amount of phosphorus absorbed by the digestive tract and utilized both for growth. Nakamura, (1982) , found that increasing dietary calcium had a negative relationship with phosphorus absorbed. By contrast, Sakamoto and Yone (1973) showed that some calcium was necessary in diets containing high levels of phosphorus because the uptake of the calcium from seawater was not sufficient to meet the requirements of growth in red sea bream (Crysophrys major). Andrews et al., (1973) found that the maximum growth of catfish was obtained in experiments where diets contained 1.5% calcium and considered that the absence of a growthresponse relationship at levels below 1.5% calcium indicated a requirement of at least this level in the diet. Robinson et al., (1987) showed that weight gain and feed conversion rate was optimum for good growth at 0.70% dietary calcium in Oreochromis aureus , but that this did not clearly reflect bone or scale mineralization.
In the present study, it was clear that, in spite of the high amount of Ca in the water, increasing dietary Ca caused an increase in final weight (Figure 3 ), indicating that this fish species requires calcium in the diet. Figure 4 and Table 4 also show that bone mineralization (Ca and P content in the carcass) is highly correlated with dietary calcium level. Lal (1979) , reviewing mineral requirements, considered that the calcium requirement of finfish is affected by the water chemistry, species differences and the phosphorus level in the diet.
No definite relationship between the values for the dietary Ca:P ratio and the growth of the experimental fish was found in this study, as was also observed by Ogino and Takeda, (1976) and Watanabe et al., (1980) . Andrews et al (1973) observed that several studies have shown that calcium and phosphorus can be absorbed and excreted through the gills of the fish. Thus dietary requirements are probably affected by the water levels of these nutrients and the ability to exchange these elements with the environment may explain the absence of a definite relationship between Ca:P and growth rates, i.e., fish may be able to balance Ca:P by controlling the absorption or excretion of these elements. Figure 5 shows a negative relationship between phosphorus in the diet and lipids in the carcass.
This result is similar to the study carried out by Takeuchi and Nakasone, (1981) who showed that dietary levels of phosphorus affected the moisture and crude fat in carcass and viscera of carps. Onishi et al., (1981) observed that phosphorus deficiency in carp accompanied accumulation of lipid in muscle and viscera and the activity of the hepatopancreatic enzymes increases. From these results they assumed that the fatty acids synthesis via citrate from aminoacids may be accelerated by the deficiency of phosphorus ( Rodeshutscord , 1996) .
It is notable that the range of requirements for calcium and phosphorus determined by various authors is quite wide. Calcium and phosphorus intake may be expected to be related to growth, and if this were the case, then recalculation of requirements per unit of growth should give more consistent results. Table 5b summarizes such data where it has been possible to recalculate values. It can be seen that the range of values is still wide and that C.urophthalmus has a higher requirement for both nutrients than other species. It is also clear that, even in the same study, the requirements for these two elements varies between experiments. The correlations between calcium and phosphorus intake per unit of growth and calcium:phosphorus ratio are shown in Table 6 . In general, calcium and phosphorus requirements per unit of growth and calcium and Ca:P ratio are positively correlated and in many cases strongly so. Phosphorus requirement per unit growth and Ca:P ratio are negatively correlated and this is also strong in many cases.
It is clear from this that the methodology used to carry out trials in this field is variable and this certainly widens the range of results. However, there is the underlying influence of environmental levels of these elements affecting the determined requirements and the variable ability of different species to use dietary supplements of these elements undoubtedly adds to the spread of data.
This work has confirmed the ability of Cichlasoma urophthalmus to benefit from additional calcium in the diet. This ability probably also explains the apparent elevated phosphorus requirement for this species. The variation in the natural habitat of this fish, from freshwaters, including strongly karstic waters, to marine waters may also be important, in that a strong plasticity of physiology has developed to enable the animal to thrive in these widely different environments. 
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